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Concentration Estimated source strength
Nanoparticle source (nanoparticles/cm?) (particles/min X 10'!)
Pure wax candle 241 500 3.65
Radiator 218 400 8.84
Cigarette 213 300 3.76
Frying meat 150 900 8.27
Heater 116 800 3.89
Gas stove 79 600 1.3
Scented candles 69 600 0.88
Vacuum cleaner 38 300 0.38
Air freshener spray 29 900 2.34
Ironing a cotton sheet 7200 0.007

Number concentration (1/cm?)
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Impact of metal and metal oxide nanoparticles on
human health

Neurodegenerative

Alzheimer's, amyotrophic
lateral sclerosis,
Parkinson's dizease, and
brain cancer

Dermatologic | L‘ e
|

o
Arayria, skin Sz
inflammation and skin
cancer
Metabolic/endocrine

Metabolic syndrome,
obesity and hepatocellular
carcinoma

)
Musculoskeletal f/q,_ﬁ‘

Ay
e
A
i
X

Ocular

Blindness, eye
malformation, cornea and
retinal damage

Respiratory

COPD, Idiopathic
pulmonary fibrosis,
asthma, and lung cancer

Cardiovascular

Hypertension, coronary
heart disease, stroke and

Ostecarthritis and muscle .

fibrosis

heart failure
szt
’J_zﬁi:f.: * "
1‘:*'?;,' 1 Gastrointestinal
|
l“l'u‘:' Peptic ulcer, colon cancer,
i k {L'} and gastric cancer
;.' L gl
Reproductive

Infertility, testicular cancer.
prostate cancer, ovarian cancer,
and cervical cancer
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OCHOBHbI€ BO3MOXHbIe NYTHU NONafaHUsS OKPYXakoLmnX
HaHO4YacCTUL B 4eNIOBEYE€CKUI OPraHn3M — 3TO XeNyaAo4HO-
KULLIEYHbIX TPAKT, KOXa U AbIXaTeNbHble NYyTH.

O npestion
B ratonon
O permai
[ Poreriert

TTy e M PN A0 THIL BHYTPE H 13 PECIBPATOPH OO TPAKT
{no Gunier Oberdorster ¢ coanr., 2005)

{ dMEzdatsSC 19.

Bran

Blood brain barrier Olfactory bulb

Endothehal cell

\.

_Oifactory nerves

Pare

X

Capillary

{0 nm
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Red blood cell

i

Macrophage cell

brow /

E. Coli
bacteria

40 -

20 -

Regional deposition (%)

|:| .
0.1 nm 1 nm 10 nm 100 nim 1 um 1 pm UK am

E) Particle diameter
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1 O tcdfm. 21 fs¢COL Odzts Mistets§ dzd J C sy
Istc O dzmH J tfdiOstbzdigsO e Is dzOdzs yOMmisdyr fsm¢ s
cOL i3 t©® Ytste Ctsyd. 1 LOsadmddismisd sls tof
tcOMftcjHjdzjdzed] © t©WOL dzd ydzr = yYyomlswa HT 2 C

1 OdesyOMmlsdyr, fsfOHOwW o BteceOdedL &3 yJ
BdzsHspfisy L OB BSdzj 90dzd?2, vylsts LOadmdls s (
¢ sdaj ydzts, Ctsdzyd delsteOydd . 1 J dme dzs yJ &
L OBtsdzj 9 Odzd v . ] Is ©B dz. 5 fsCOL Odz o(d
oL Ry desMmis: o7 Lo Oy tOCBOT jJ] LOBBAz] 9 OC



vOBd&ZdYoO 5

Carcinogenic effect

Particle Use/exposure Rat Human
Particulate matter (PM,, ,, Ambient Possibly carcinogenic?
PM, .. PM,,) {unknown fraction)
NiD Exhaust + Carcinogenic
Quartz (crystalline silica) Constructions + Carcinogenic
Asbestos Insulation, mining + Carcinogenic
Carbon black Pigments, toner, tires + Possibly carcinogenic
Refractory ceramic fibers insulation + Possibly carcinogenic
Wood dust Furniture making. saw mills +/—= Carcinogenic (some types)
TiO, Pigments, sunscreens +
Diesel exhaust Engines, cars +
Talc Cosmetics, mining +
Volcanic fly ash Ambient +
Coal mine dust Mining + Not classifiable
Rockwool Insulation + Not classifiable
Iron oxides Pigments, paramagnetic +/—

diagnostics
Graphite Occupational +/—
Cement Constructions, buildings - Mot classifiable

Amorphous silica

Cleaning. paints, drugs

Not classifiable

ANOGCIstster
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tcOMYf sL dzO¥ Ismw
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KnetoyHaa membpaHa

Bce 6nonoruyeckme memGpaHbl UMEIOT CXOA4HOe CTPOeHHe:
OHM COCTOAT U3 AMMUAHOrO 6MCI0A U MeMBpaHHbIX 6enKoB

BHekneTcdHaA cpela

TpaHc- "
o (4] m monpmeuH‘

MEMBPAHHLIA

NPOTEWH & —

.8
e

A1 2! A) L
Ve R TETe s B E e

..-}‘fi"-

//:’_‘5?

CTEWH w
S npoTenH
Huru

UUTOCKeneTa

t Mz datsS 2 3.

l tetsded G detso § dzgd W dzOdets yOMmidd, y totc cdrde " jif ekt
flzlsjdd ftojsHisd) ddy Cdjlsyd ° d&j BB OC
(&zdfdHdz" 2 BdMdzs?2 d B &ZCd dBJ 3B tcOdz" ) , q

npOHMKHOBeHMe HAaHO4YACTUL B KJ1eTKY

. ® ..b.'

LuTommasma

Knetouynan S
» Peuentop —

Mmembpana
= =

Bpems Bo3pencteust YHT: 4 gHs. CneBa — YHT Ha
KrneTo4yHon membpaHe, cnpasa - YHT B siape.
&~ @ % m, plasma membrane; c, cytoplasm; nm, nuclear

membrane.

[ea mexaHu3ma NPOHUKHOBEHUSI:
&nmmmmmnm% . 3Hdouum03
m * HenocpedcmeeHHoOe NPOHUKHOBEHUE
e g yepe3 MeM6paHbl

t dMzdzsS 2 4.



90 dBBirOddL BO f(totsded € detso j ded W dz0 dzts
fcsCOLOdz dzO tedfm. 24 dBcEedEjtcy kZcdzj ot

1 OdesyOMmisd yr dzj stsdz' ¢t Htotsded C O Is ¢
fzlsvw d3d , dz2s d oreswsHwWlmw dL ttecOdzdL &30
ZOdes yOMmisdy, GC0O0¢C 1 lIsts fsCOLOds o IsOB dz.
otsdz WteORBO d Y sHBHrMIsdzgr = Ydoslsdz = .

v OB dzd yO,j dfj.CIsd o dats s ¢ f tscdztsh j ded W dzC
Me stetsMmis orojHjdedw o LOodMmMddssmisd sl

t o1 .

I’EICII[]C.'IE.']CI{]!E MNopomKoB h‘il[)ﬁll.'la Bﬂ.'lbll)r.laf\lii O OpradHaM SRCNCEPHMEHTANBHBIX

HHBOTHLIX
Cpoku Konuwuecteo Kapbwaa Bonbdpama B cpraHe, mr
BbIBEOEHWUA
Pasmep | xmBoTHOro m3
NOpPOLIKA | 3KCNepUMeHTa
WC, HM nocne Nérkue | Nevens | NMNoukm | Cepaue | Mosr | Cenezénka | MToHaobl
3aTpaBKM,
Hefenu
1 0,256 0,019 0,008 0,002 0,006 0,008 0,012
15 4 0,153 0,012 0,002 0,001 0,002 0,004 0,005
25 0,097 0,012 0,002 0,001 0,002 0,003 0,004
1 0,18 0,015 0,001 0,002 0,002 0,002 0,004
60 4 0,088 0,018 0,002 0,001 0,001 0,002 0,002
25 0,016 0,014 0,001 0,001 0,001 0,002 0,001
1 0,105 0,004 0,001 0,001 0,001 0,002 0,003
1200 4 0,025 0,004 0,001 0,001 0,001 0,002 0,002
25 0,008 0,004 0,002 0,001 0,001 0,002 0,002
Koutpone 1 0,0015 0,001 0,001 0,001 0,001 0,001 0,001
KoHTtpone 2 0,002 0,001 0,001 0,001 0,001 0,001 0,001

1 ©C dz¥ g dzd J
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- s sCmdydats s ZOdes yOMmisdy L OadMmdls
ttOL i3j 6Olstfd . t5d3j
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RMMdzj Hise Odad v s ssSCMd ¢ sdzse dd i
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tcOL dzd ydzr = B d&ZOMIsWws dar dhfsdz L tse Odzed W ,
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dztstc 3O Is d o dzr n OCIsse , Yls ts mMdzj HiZj Is sls
ZOdetsf tetsH 2 € Is Od3. vstsC Md ydetsmyIs d otcj Hdzts
ZOYyddz0jIs fteswodzwis! Mw Exj d2O MsOHdd d-r
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1 U dmmdzj Hise Ols j dzd , Isj ~ded € d, tcOB ts5lsdzd €
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i dzj 5B~ tsHd d@3gtsMls dMmMmdzj Hise Odzd 2 dzO
tctso dzj .
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Research and Manufacturing Incorporation of NMs Application and end-of-life
discovery development and scale-up into nano-cnabled products of nano-enabled products
v v Vv h'd
= Synthesizing and producing = Producing NMs in batch/market = Direct application of NMs = Assembly, application and

recearch guantities of NMs quantities ® Incorporation of NMs into nano- maintenance of devices
= Testing NM technical properties ® Testing NM technical properties enabled products containing NMs
= Testing NM toxicological and = Optimizing MM production * Disposal of nana-enabled
environmental impacts in = Packing and shipping processes

products
in vitro and i vive experiments = Development of broader = RECYCLING NANO-ENABLED
customers PRODUCTS

+ Handling nano-powders ¥ Handling, processing, ¥ Handling, manufacturing, ¥ Manipulating, packaging,
+ Pouring and mixing nano-liquid packaging, storing and packaging, storing, storing, transporting and
Possible SUSPENSIDNS transporting Nks transporting of Miis or maintaining nano-enabled
Dangerous * Recovering NMs from reactor  « Maintaining equipment and products containing NMs products
: & e or filters facilities ¥ Maintenance operations ¥ Machining, sandling, drilling or
exposure conditions | processing, packing and + Cleaning NM spills or waste cutting NM-containing
transporting dry nano-powders products
¥ Maintaining equipment and
facilities N ot 4 et
3 3 = Assembly and application
Resea !'c.hers al'ld.pllﬂt personnel Bradiictinn fechininhre Pl i
* Researchers = Technicians; Testing staff « Facili & e " " i
* Technicians i i acility maintenance workersand s pracess and facility maintenance
= Process and facility maintenance waste handlins personnel
* Maintenance and waste workers. personnel )
handling personnel = Storage, transport and waste . Was:: handling and re-cyding
workers

handling personnal

{ {fkdsC 26 .

10 bstChmdydesMmils: C0O0¢C d dz2O Htekzedj - Mot
~dBJYUi Medd Mots2MmMlsa O O csHHEEBS dzO
tcOL 03] to, ZHjd dzgOv d BhOW M jydW¥dyj m¢
(LOtewH d Stk ]jddy) , MstczC sztc® dzO dzts
(6d sd3j Isted ™) yomisdy, tOMmlse sted BsMIs
mMf smse dzsmils W slstsn d did s e #f dets M ldnje ts 2 dnjsc
(or MotsBBBYHOI! ) OCIdoedz J yOmlsdyr

10 tdf0 RBCOLOd tOLddydz Jj odH'™ daC
fcdtesHy d MBLHOMDG J kOB yd zse § € O,
27 YC0L0Odr ftodtesHd j dzO dzts ydddndststajO L, d3 jtcte
Bttt Odzd L d3" 0] tod . 29 SlstsB tc Oy C
ZzOdzs yOMmisdy. 10 tdf. 30 ftoj HiIs O dzj dz'
dmS mMmilse j dzdz" .7 dz0Odets yOMmlis d y



-} ",‘

20 pm
e

t Mz desC 27




| = 50 nm d) Bacteria spares
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Morphologies of engineered nanoparticles

Spherical
Generally in small crystalline particles and
non-crystalline structures

Rod or wire
May have a series of cross sections like cubic,
circular and pentagonal

Discotic

Thin flat plates regularly broader than 10 nm.
May be a variety of shapes including hexagonal
and irregular

Geometric solid

Usually in crystalline particles may be a array
of shapes like cubic, tetrahydral and
icosahedral

Dendritic
Comprises of nanoscale wires the dendrite may
be larger than 100 nm

Tetrapod
Shaped by the enlargement of hexagonal
phase rods from cubic seed crystals

0

Dumbell
Produced by the development of one materials
only at the ends of the rod of another material

—

Tear drop
An extension of the spherical shape
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Environmental
Nanoparticles
&

Natural
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Engineered
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Nanoparticles
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Nanoparticles

lAtmospheric”Terrestrial ” Aquatic | | Unintentional | | Intentional

| Inorganic [ |

Inorganic [Organic ]

Macromolecules

Bio-colloids

Cellular debris

Silicates

Oxides/
Hydroxides

Unintentional

Unintentional

i

Unintentional
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Wear & Corrosion
products

| Carbonaceous NPS |i
I Metal Oxides |<—

Semiconductor
Materials

Waste & Corrosion
products
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I Nanopolymers Iq—
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A 40 km plume ¥
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d) Podoconiosis S ] e) Iron-rich volcanic soil f) Kapesi's sarcoma
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a) Dust cloud

- 5 m

Glass fiber

«

d) Glass fiber

g) Lead particle ' h) Titanium particle %
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Q (100 um)
— Hair
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Bacteria
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P blood
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Virus ’
(10-150 nm) e
¢ DNA helix
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Combustion (2 nm) zZ
exhaust
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1) Dimensionality 2) Morphology
CCT | I | CE. a) High-aspoctratio | [ b) Low-aspect ratio
»
- Q Nanowires\//\/ Nanospherical © O
. "
g heli ] Nanchelices &
*| Thin films or Fixed long Fixed small PR .eices N il e
ol surface nanostructures nanostructures Nanozigzags ARAARY anopillars
:| coatings Nanopillars —=—— Nanowires
: Th o Nanotubes ——— Nanopyramids &
% ick membranes embranes
. with nanopores | | with nanopores Nanobelts === Nantmcubes g
Do not pose \/-\, o e Various
health risks il 0 Eiee simiall
Free long aspect t rati
May pose ratio nanowires asped rg 9
health risks . E— nanoparticles
4) Uniformity & agglomeration state
a) Isometric b) Inhomogeneousl
3) Composition
oo 20 000,
o 00 02000 %0 Dispersed
a) Single material b) Composites 0 00000 ° 2o°o°°0 A "
()
Compact © == Coated 0
Hollow (spherical (e} Encapsulated ©
or nanotubes) Barcode — Agglomerates
Mixed (1))
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